In this paper, national and regional data on job vacancies and unemployment are combined to estimate the Beveridge curves of five European countries and 60 regions, 
Introduction
To study the dynamics of aggregate labor market, macroeconomists have used two empirical relationships: the Philips curve and the Beveridge curve. The Beveridge curve captures the empirical inverse relationship between the unemployment rate and the vacancy rate. The starting point for deriving the Beveridge curve is a matching function between unemployed workers and vacant jobs. Generally, movements along a fixed Beveridge curve have been associated with cyclical factors, while shifts in the Beveridge curve (i.e. higher or lower unemployment rate for a given vacancy rate) have been interpreted as reflecting structural changes which affect the matching between jobs and unemployed workers.
In their 1989 paper (Blanchard et al., 1989) , Olivier Blanchard and Peter Diamond argued that, until then, the importance and usefulness of the Beveridge curve had been underestimated by macroeconomists. Yet, the level and persistence of unemployment in Europe in the 1980s revived interests in the Beveridge curve. Blanchard and Diamond's article was indeed followed by the publication of numerous empirical papers that either estimate the matching function (Blanchard et al., 1989; Petrongolo and Pissarides, 2001; Coles and Smith, 1996; Gorter et al., 1997; Gorter and van Ours, 1994) , or study the stability of the Beveridge curve and the reasons behind its shifts (see for instance Valletta (2005) for the USA, Börsch-Supan (1991) for German Länder and Wall and Zoega (2002) for British regions).
While the vast majority of the papers on the Beveridge curve focus on one country and/or its regions, the analysis presented below provides a comparative analysis of the Beveridge curve in several countries and their regions. This paper indeed provides estimates of the Beveridge curves for five European countries (Belgium, Germany, the Netherlands, Spain and the UK) and their 60 regions, focusing on the period 1975-2004. Thus, this paper updates the findings of work done using less recent data (Börsch-Supan, 1991; Wall and Zoega, 2002) .
I also examine shifts in these curves and whether these shifts are due to structural changes affecting the efficiency of the matching between jobs and unemployed workers, or to cyclical factors. I consider the effects of long-term unemployment and institutions that could introduce rigidities in the labor market. Business cycles are captured with a measure of the output gap, while productivity growth, regional dispersion of employment, and sectoral shifts control for additional economic structural shocks.
The remainder of the paper is organized as follows. The Beveridge curve is derived in Section 2. Then Section 3 presents and compares the Beveridge curves of the aforementioned five EU countries and their regions. In Section 4, I estimate both national and regional Beveridge curves, and look at possible factors, structural and cyclical, responsible for the shifts observed in Section 3. Section 5 concludes.
Derivation of the Beveridge curve
What underlies the negative relationship between vacancy rates and unemployment rates?
The starting point for deriving the Beveridge curve proposed notably by Blanchard et al. (1989) and Pissarides (2000) is a matching function between unemployed workers and firms 1 .
The matching-function gives how many successful matches (M ) of unemployed workers (U ) and firms with vacancies (V ) occur every period:
(M (U, V )) is an increasing function in both the number of unemployed and the number of vacancies. Moreover, the matching function exhibits the following property:
The matching function captures the idea that there is uncoordinated, costly and time-consuming trade in the labor market, and thus summarizes the effectiveness of the technology that pair unemployed workers with firms searching for employees.
In their extensive survey of the matching function, Petrongolo and Pissarides (2001) find that most empirical analyses specify the matching function as Cobb-Douglas and provide evidence of constant returns to scale. We can therefore express equation 1 as:
The term A captures the matching efficiency and the idea that the position of the Beveridge curve in the U − V space might change over time. Scaling both sides of equation 1 by the labor force, the hiring rate (m = M/L) can be expressed as a function of the unemployment rate (u = U/L) and the vacancy rate (v = V /L):
In the labor market steady state, a constant unemployment rate implies that the matching rate equals a fixed separation rate (s). Equation 3 can be rewritten as:
Thus, for a constant separation rate, equation 4 implies the existence of a negative relationship between the unemployment rate and the vacancy rate in steady state ( figure 1 2 .
- Figure 1 hereIn steady state, movements along a fixed downward-sloping Beveridge curve are associated with cyclical shocks, while shifts of the curve (i.e. positive co-movements of the unemployment and vacancy rates) arise from structural factors that alter the matching efficiency (Bowden, 1980; Petrongolo and Pissarides, 2001 ). An upward movement along the Beveridge curve is typical of a negative shock to aggregate demand: fewer jobs are available (fewer vacancies) and jobs are harder to find (higher unemployment rate). Outward shifts imply a reduction in the matching efficiency, and thus a deterioration of the labor market. These shifts can notably be due to characteristics of the unemployed, changes in search effort and search effectiveness that can be affected by the generosity of the unemployment insurance system (Jackman et al., 1989) , and other labor market policies (Jackman et al., 1990; Bowden, 1980 ). An upward ward movement along the Beveridge curve can also induce an outward shift of the curve. This hysteresis effect is caused by long spells of unemployment which make unemployed workers less likely to find employment due to human capital deterioration or the negative perception by employers (Røed, 1997; Blanchard and Summers, 1987; Pissarides, 1992; Blanchard and Diamond, 1994) .
3 National and regional Beveridge curves in Europe 1981-1982 and 1992-1993) . Afterwards, the experience of Germany differs from the other four countries. While the Netherlands, the UK, Spain, and, to a lesser extent, Belgium have experienced improvements in the matching efficiency (inward shifts), the labor market kept deteriorating in Germany. Nickell and van Ours (2000) attribute the reduction in unemployment in the Netherlands and the UK to changes in the unemployment benefit systems that became less generous, an increase in the proportion of part-time workers which increased female labor force participation in both countries. In the case of Spain, improvements in the labor market were triggered by the country's accession to the EU which notably pushed the Spanish government to liberalize fixed-term labor contracts. Consequently, the employment gains that Spain experienced in the 1990s were driven by the increase in temporary job contracts. The continuing outward shifting of the German Beveridge curve can be attributed to the impact of the reunification on the aggregate labor market (Börsch-Supan, 1991) . Finally, in the early 2000s, Germany is still the only country where the labor market kept deteriorating. While the Spanish Beveridge curve became flat, the Beveridge curves in the UK, Belgium and the Netherlands shifted inwards. This inward shift was also observed in the USA (Valletta, 2005 ).
- Figure 2 hereMoving to the regional level, regional Beveridge curves are presented in figures 3 to 7.
Data on regional unemployment rates are from the Eurostat Regio data set, while I obtained regional unfilled vacancy data from several sources. For Spain, regional data were kindly provided by Pablo Antolín (see Antolín (1994) Most Western Länder in Germany have experienced the same shifts as the aggregate Bev-eridge curve for Germany. Similarities between the national and regional curves can also be observed for Spain where several curves are vertical until the mid-1980s and shift inward after 1999. As for the UK, most regional plots exhibit two relatively stable curves: one during the 1980s and then an inward shift.
- Figure 
Why do European Beveridge curves shift?
In this section, I discuss possible explanations for the shifts of national and regional Beveridge curves described in the previous section. Four groups of factors could explain the observed shifts: composition of the unemployed population and the labor force, institutional factors affecting the matching efficiency between unemployed workers and job vacancies, business cycle, and other structural shocks such as productivity growth and reallocation of employment across sectors and regions.
The first hypothesis tested is that shifts in the Beveridge curve can be explained by changes in the composition of the pool of unemployed (Börsch-Supan, 1991; Wall and Zoega, 2002) , as this might affect job search efficiency. I control for the importance of women and long-term unemployed in the unemployed population. Börsch-Supan (1991) find that a large proportion of unemployed women is associated with outward shifts in Germany's Beveridge curves. The impact of long-term unemployment is referred as unemployment hysteresis (Blanchard and Summers, 1987) . Owing to human capital deterioration, long-term unemployed workers might experience lower search effectiveness and ability to be matched with a vacant job. I use long-term unemployment (measured as the percentage of unemployed workers who have been unemployed for more than a year) to test the unemployment hysteresis theory. Ideally I would also like to control for the age composition of the unemployed population, but at this stage of the paper, I have not found the necessary data for the five countries and their regions. Following Samson (1994) , I also control for the proportion of women and young people (between 16 and 25 year-old) in the labor force. Because these two groups of workers have lower levels of attachment to their jobs, an increase in their ratios in labor force would raise both the unemployment rate and the vacancy rate, thus causing an outward shift of the Beveridge curve.
Second, shifts can be explained by the implementation of labor market reforms. Nickell and van Ours (2000) list how some labor policies and institutions can shift the Beveridge curve. First, more generous unemployment benefit systems tend to make unemployed workers more choosy about which jobs they would accept. Empirical evidence suggests that unions and collective wage agreements induce wage pressure which translates into higher equilibrium unemployment (thus, an increase in unemployment for a given vacancy rate, i.e. an outward shift of the Beveridge curve). As for minimum wage legislation, the authors point out that there is little consensus on the effect of such legislation on unemployment, but that in countries where the minimum wage is not adjusted for young workers, it leads to higher youth unemployment rates. Furthermore, employment protection laws are likely to increase long-term unemployment by raising labor cost. I use regional employment dispersion, sectoral shifts and productivity growth to control for other structural shocks that could hit national and regional economies. Productivity is measured measured as Total Factor Productivity (TFP) 4 . Regional employment dispersion might induce regional mismatches between unemployed workers and job vacancies occurred, forcing unemployed to move to regions where jobs are available. Because this moving process is time-consuming, the economy would experiences periods with higher unemployment rates and vacancies. Abraham and Watcher (1987) and Valletta and Hodge (2006) have shown that increase in regional employment dispersion partly explained the rise in unemployment in the US between 1970 and 1985 . Following Abraham and Watcher (1987 , regional employment dispersion is measured as
are measured as
where N is the number of sectors, x i,j,t is the employment in industry j, and X i,t is the aggregate employment in region i at time t. I use Cambridge Econometrics dataset which decomposes employment in 15 sectors 5 . While TFP growth should induce inward shift of the Beveridge curve, regional employment dispersion and sectoral shifts should be associated with outward shift of the Beveridge curve because they trigger mistmatches in the labor market between unemployed workers and unfilled vacancies.
Finally, I check the effect of business cycles on the stability of the Beveridge curve. As noted earlier, the position on the Beveridge curve can indicate where an economy is in the business cycle, recessions corresponding for instance to points on the upper left section of the curve. Yet, Pissarides (1985) and Börsch-Supan (1991) have shown that if the matching efficiency is a function of productivity and the reservation wage, the Beveridge curve becomes unstable over the business cycle. Cyclical shocks are controlled with the output gap (Kosfeld et al., 2007) . Output gap is measured as the difference between real GDP and potential GDP which is computed by detrending real GDP with the Hodrick-Prescott filter. I expect that, when real GDP is above potential GDP (i.e. positive output gap), the unemployment rate decreases for a given vacancy rate, hence causing an inward shift of the curve.
Using national and then regional data, I estimate the following specification:
where α i is a country/region fixed effect (which helps correcting for possible measurement error), X it is the set of variables controlling for the composition of the labor force and unemployment pool, Z i,t is the set of labor-institution variables, outputgap it controls for business cycles, and W it is the set of variables controlling for structural changes (TFP growth, sectoral shift, regional employment dispersion). The estimation is done in level and not in log-log form so that it yields an estimate of the curve slope (and not of an elasticity). The quadratic term in the vacancy rate is added to measure the convexity of the Beveridge curve. I have also tried Börsch-Supan (1991)'s specification where the unemployment rate is inversely related to the vacancy rate, and have obtained similar results which I do not report in this paper. Tables 1 and 2 report respectively the summary statistics and pairwise correlation for both country and region data.
- Table 1 here-- Table 2 here-
Country Panel Analysis
I first conduct the analysis using national data for Belgium, Germany, the Netherlands, When I include country fixed effects, the estimated slope of the Beveridge curve is statistically significant and now equal to -5.05 with OLS and -17.5 with IV. I also find evidence of the convexity of the curve.
The statistically significant coefficients reported on the long-term unemployment variable corroborate the unemployment hysteresis theory and the findings of earlier papers (Börsch-Supan, 1991; Wall and Zoega, 2002; Kosfeld et al., 2007) : when a country experiences more long-term unemployment, its Beveridge curve tends to shift outwards. The other demographic variables do not yield any robust effect.
Most of the institutional variables do not affect the locus of the Beveridge curves, which could be due to the small sample size and to the lack of variation in these variables at the national level. Stricter EPL and higher union density are associated with lower unemployment rates. More generous unemployment benefits are weakly associated with an outward shift of the Beveridge. Similarly I do not find any robust evidence that regional dispersion and sectoral shift of employment cause outward shift of the Beveridge curve.
As for the business cycles, I do not find strong evidence that business cycles affect the locus of the Beveridge curve, even when I introduce a lag on the output gap variable.
- Table 3 here-
Regional Panel Analysis
I then run a similar analysis at the regional level. These results are presented in table 4.
The estimations are run with OLS and then instrumental variables. Columns 1 and 4 do not include any country or region fixed effects to study variations among all of the regions included in the sample. In columns 2 and 5, I introduce country dummy variables to measure variations within each country over time. In columns 3 and 6, the specifications include regional fixed effects, and thus capture variations within each region over time.
The estimated slopes are less steep than the estimation using country data (-1.2 to -2.9).
The coefficient on the quadratic term in the vacancy rate is positive and significant in most specifications, implying that regional Beveridge curves are also convex. The regional analysis confirms the unemployment hysteresis theory, as the coefficient on the long-term unemployment remains positive and significant in all of the specifications reported in the table. A larger share of women among the unemployed is associated with an inward shift of the Beveridge curve. This unexpected result could explained by the fact that women are more likely to accept part-time jobs to return to work. There is clearer evidence of the impact of the labor force composition on unemployment. More youngster and women in the labor force are associated with an outward shift of the Beveridge curve.
As for the institutional factors, the regional panel analysis supports the hypothesis that regions in countries with more generous unemployment benefits and minimum wage laws have Beveridge curves further from the origin. Higher union memberships are only associated with outward shift when the specification includes regional fixed effects. Similar to the findings presented in table 3, I find that the sign on the union density and the EPL variables changes when I do not include any region or country dummy variables in the estimation.
As for the other structural factors, the results presented in table 4 provide little evidence of the effects of sectoral shifts, as the coefficient is positive and significant only when the specification includes regional fixed effects. As expected, I find that productivity growth is associated with improvement in regional labor markets (inward shifts of the Beveridge curves).
The results of table 4 provide also evidence of the impact of the business cycle on the locus of the Beveridge curve. As expected, a positive output gap is associated with inward shifts of the Beveridge curve. This finding contrasts with the absence of effects when the analysis is carried out with country data. It however corroborates Abraham and Watcher (1987) 's argument that if an economic recession induces mismatches in regional labor markets (such as dispersion of employment growth), it can cause shifts in regional Beveridge curves.
- Table 4 here-
Conclusion
Combining data from EU countries and their regions, this paper examines the stability and movements in the unemployment-vacancy relationship embodied in the Beveridge curve.
These five European countries have experienced very distinct relationships between their unemployment rates and vacancy rates. Germany exhibits the clearest example of a Beveridge curve with a rather constant slope, shifting outwards. In Belgium and Spain, the Beveridge curves are quite vertical from 1975 to the mid-1980s. Three countries -The UK, the Netherlands, and Belgium -experienced an inward shift in their Beveridge curves since the late 1990s.
This inward shift is also observed at the regional level.
This paper also investigates which factors, structural and cyclical, are behind the instability of these curves. The basic Beveridge curve regression is augmented with variables capturing structural variables, such as long-term unemployment, labor market institutions and the reallocation of labor across regions and sectors. The results presented in this paper provide evidence of unemployment hysteresis at the national and regional levels, as well as the importance of labor market institutions, to explain the position of the Beveridge curve.
The Beveridge curve tends to shift outwards when a country has a minimum wage law and generous unemployment benefits. Among the other structural shocks included in the study, productivity growth is associated with inward shift of the curve, while evidence of the effects of employment regional dispersion and sectoral shifts is less robust. Business cycles -measured with the output gap -affect the locus of the Beveridge curve at the regional level but not at the country level, which is in line with Abraham and Watcher (1987) 's argument that the business cycle induces mismatches in regional labor markets. These regression results therefore do not support the notion that cyclical shocks generate only movements along a stable Beveridge curve.
Because common or idiosyncratic shocks might generate some interregional spillovers, further research should examine whether spatial dependencies among EU regions could also affect the stability of regional Beveridge curves.
What can we learn from these regression results? They first provide more evidence to the argument that rigidities in the labor market limit the ability of economies to adjust to shocks (Blanchard and Wolfers, 2000) , notably by hampering the matching between jobs and unemployed workers. The findings presented also highlight the importance of long-term unemployment to the more general unemployment problem in Europe.
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